Pediococcus pentosaceus FBB61 and L7230, isolated from cucumber fermentations, produced a bacteriocin, designated pediocin A, which had identical activity spectra against species of Pediococcus, Clostridium, Staphylococcus, and Streptococcus. Both strains possessed a 13.6-megadalton plasmid (pMD136). Plasmid curing experiments suggested that both bacteriocin immunity and production determinants were encoded by pMD136. Use of pediocin-producing strains in food fermentations is discussed.
In pure culture fermentations of cucumbers inoculated with Lactobacillus plantarum and Pediococcus pentosaceus FBB61, Etchells et al. (5) observed that growth of L. plantarum is inhibited. They stated, "The rapid acid production by the Pediococcus species is the only possible reason evident from our data for this initial inhibition of L. plantarum growth. However, L. plantarum is so acidtolerant that it does not appear likely that this is the sole reason for the inhibition, and there may be other factors more important." This observation was further investigated by Fleming et al. (6) , who screened pediococcal cultures from various sources for inhibitory activity against a variety of microorganisms, including lactic acid bacteria associated with cucumber fermentation. Only two strains of P. pentosaceus showed inhibitory activity: strain FBB61, which was originally isolated from a Michigan cucumber fermentation in 1953 (1); and L7230, which had been isolated from a North Carolina cucumber fermentation in 1972 (6) . Both strains had the same inhibitory spectrum against grampositive bacteria, and neither was active against gramnegative bacteria, yeasts, or each other. Fleming et al. (6) ruled out the possibility that the inhibitory agent was hydrogen peroxide by using catalase in their assays.
Rueckert (M.S. thesis, Michigan State University, East Lansing, 1979) characterized the chemical nature of the inhibitory agent produced by P. pentosaceus FBB61 as bacteriocidal, nondialyzable across a semipermeable membrane, stable to heat (100°C for 60 min) and freezing, and sensitive to pronase. These characteristics and others led Rueckert to conclude that the inhibitor is bacteriocinlike.
We present evidence that bacteriocin activity and immunity in P. pentosaceus FBB61 and L7230 are associated with a 13.6-megadalton (MDa) plasmid.
Strains and culture conditions. Lactic acid bacteria were maintained and grown in MRS broth (Difco Laboratories, Detroit, Mich.) at 30°C. Clostridia were propagated in cooked meat medium (Difco) at 37°C under anaerobic conditions. Staphylococcus aureus and Escherichia coli V517 were propagated in brain heart infusion broth (Difco) at 37°C. E. coli V517 was used as a source of reference plasmids as described by Macrina et al. (10) . Other strains were also used ( Table 1) .
Bacteriocin sensitivity. Cultures were screened for bacteriocin sensitivity by using the agar spot test as described by Fleming et al. (6) . A producer strain which was cured of bacteriocin activity and immunity but which in other respects, such as sugar fermentation patterns and specific growth rate, was identical to the producer parent was used as a control. A clear zone of 1 mm or more surrounding the spotted producer colony was considered positive inhibition as long as the control strain failed to produce a zone.
Plasmid isolation and purification. Plasmid isolation from pediococcal strains was achieved by using the general method of Klaenhammer (9) Curing conditions. Chemostat cultures were established with bacteriocin-producing pediococci to exert environmental pressures on cells which would favor plasmid loss (4). The conditions chosen were a growth temperature of 42°C, which was higher than optimum (38°C), limiting glucose (3 mM) in MRS broth (3) , and a dilution rate of 0.2 h-1. At periodic intervals, samples were removed from the growth vessel, and individual colonies were tested for loss of bacteriocin phenotype (Bac-). Strains found to be Bac- (Fig.  2A, lanes a and c) . FBB61 also possessed a 5.0-MDa plasmid. These plasmids are designated pMD136 and pMD50, respectively. Strain FBB61-2, which was cured of the Bac+ phenotype and immunity to the bacteriocin, was missing pMD136 but not pMD50 (Fig. 2A, lane b) . All of the Bac-derivatives of chemostat culture of FBB61 (a total of 23) lacked pMD136 yet retained pMD50.
Restriction enzyme analysis of plasmid DNA. Evidence for relatedness of pMD136 in L7230 and FBB61 was obtained by restriction enzyme analysis of plasmid DNA obtained from these two strains. L7230 contains only pMD136, which upon enzyme digestion with PvuII yielded two fragments (Fig. 2B,  lane a) . FBB61, which contains pMD136 and pMD50, revealed five fragments, two of which had mobility patterns (Fig. 2B , lane c) identical to those of the two L7230 fragments (Fig. 2B, lane a) . The other three FBB61 fragments were identical in size to those which were the digest of pMD50 only (Fig. 2B, lane b) . Thus, PvuII restriction of pMD136 in L7230 and FBB61 yields two fragments with identical mobility characteristics. The data indicate that pMD136 is similar in L7230 and FBB61 and suggest that pMD136 is present and encodes Bac+ production and immunity in L7230. However, further analysis is required to establish whether or not pMD136 is responsible for Bac+ production and immunity in L7230.
Activity spectrum. Fleming et al. (6) (Fig. 1) (Table 1 ). All the bacteria tested were sensitive to L7230 and FBB61, but not to FBB61-2, as determined by the agar spot test. The fact that both strains had identical activity spectra suggests strong homology between the bacteriocins of the two strains.
The criteria for establishing whether an inhibitory substance is a bacteriocin is well defined for gram-negative bacteria but not for gram-positive bacteria (14) . Tagg et al. (14) suggest that the term bacteriocin, when used to describe inhibitory agents produced by gram-positive bacteria, should meet the minimum criteria of (i) being a biologically active protein and possessing a bacteriocidal mode of action. These requirements, having been satisfied by the work of Rueckert (M.S. thesis) and the evidence obtained in this study, and suggesting that inhibitor production and host cell immunity are plasmid-borne genetic determinants, lead us to propose that the inhibitor is a bacteriocin and that hereafter it be designated as pediocin A.
Resident plasmids have been observed in P. pentosaceus and Pediococcus acidilactici; however, their phenotypic traits have not been established (7) . Our 
